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Abstract

Multiple studies have shown the importance of abandoned mines as surrogate 
habitat for bat species, but little information exists for other species that may use 
these habitats. Fifteen abandoned mines located on the Buffalo National River, 
Arkansas, near the historic mining town of Rush were inventoried from sum-
mer 2001 to summer 2005 for the presence of cavernicoles. Over 80 taxa were 
observed in these abandoned mines, including nine troglobites. The troglobites 
observed were: a terrestrial isopod (Brackenridgia sp.), two families of springtails 
(Arrhopalitidae, Entomobryiidae), two families of diplurans (Campodeidae, Ja-
pygidae), the grotto salamander (Eurycea spelaea), a millipede (Causeyella sp.), 
a harvestman (Crosbyella sp.), and an amphipod (Stygobromus sp.). Since these 
mines were driven into carbonate hillsides as discrete tunnels, a reasonable ex-
planation for the presence of troglobites is colonization of mine passageways 
following the intersection of naturally occurring voids. This study suggests that 
abandoned mine habitats may be important to a suite of rare and interesting spe-
cies, in addition to bats.
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Introduction

While studies have shown the importance of 
abandoned mines as habitat for bat species (Raesly 
and Gates 1987, Whitaker and Rissler 1992), lit-
tle information exists for other species that may 
use these habitats. Cavernicoles, or cave-dwelling 
species, are known to occur in abandoned mines 
(McDaniel and Gardner 1977, Dorris and Saugey 
1983, Heath et al. 1986, Peck 1988, Kjaerandsen 
1993, McAllister et al. 1995, Nielsen and An-

dreasen 1998). Relatively few cavernicoles from 
these studies could be considered troglobites (or 
cave-limited species), and a majority of species 
were classified as accidentals, trogloxenes, or troglo-
philes. Accidental species are species that wander 
into a cave but can’t live there. Trogloxenes are spe-
cies that complete part of their life cycle in caves 
and part outside. Troglophiles are species that may 
complete their entire life cycle in caves, but can also 
complete life cycles outside caves.
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The occurrence of a troglobitic beetle in a 
Kentucky coal mine (Barr 1986) and the success-
ful transplant of a rare harvestman (Opiliones) to 
an abandoned mine in California (Elliott 2000) 
suggests that mine habitats may also contain troglo-
bites or have environmental conditions that could 
support troglobites. The purpose of this study was 
to examine abandoned mines for the presence of 
troglobites and characterize some of the environ-
mental conditions associated with the mines. 

Materials and Methods

From April 2001 to September 2005, we con-
ducted biological inventories in 15 abandoned 
mines along the Buffalo National River, near the 
historic town of Rush, Arkansas (Figure 1). Mining 

activity in this area involved the extraction of zinc 
ore from carbonate rock sequences and occurred 
from 1900 to 1945 (Howard 1989). Fourteen of 
the mines were quarried into hillsides as horizon-
tal tunnels, while one had an initial vertical drop 
before continuing as horizontal passage. Several 
mines had more than one entrance. Average mine 
length was 86.8 m (SE ± 24.6 m), with a range of 
10 to 300 m. 

In all 15 sites, visual searches and hand col-
lections were used to record or collect organisms. 
During summer 2004, additional collections were 
made using baited pitfall traps in six mines (Toney 
Bend Mine #2, #3, Morning Star Mine #5, #6, #7, 
Long Ear Mine). Traps consisted of 30-ml, straight-
sided, wide-mouth Nalgene® jars, filled with 5 ml of 
propylene glycol. The traps were baited with 5 ml 

Figure 1 Study area near Rush, Arkansas, Buffalo National River. Inset map shows counties of 
Arkansas, Buffalo National River (black polygon), and location of study area (black 
circle). Abandoned mines are shown as filled squares (■), and the numbers correspond 
with specific sites: 1) Bice Mine, 2) Boat Creek Mine, 3) Bonanza Mine, 4) Fox Den 
Mine, 5) Long Ear Mine, Mary Agnes Mine, Prospect Cave, Sixteen Mine, 6) Morn-
ing Star Mines #5, #6, #7, #15, 7) Toney Bend Mines #2, #3, and 8) Red Cloud Mine.
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of slightly rancid limburger cheese spread smeared 
around the inner lip of the jars. For each trap, a 
hole was dug in the substrate deep enough to allow 
placement with the lip of the jar just at or below the 
floor level. Considerable care was taken to ensure 
that the substrate into which the trap was placed, 
usually clay, covered the lip of the jar, so that the 
top of the jar did not serve as a barrier for smaller 
fauna from entering the trap. A 10 cm x 10 cm x 
5 cm box, constructed of 6.3-mm mesh hardware 
cloth, was placed over each trap to reduce the po-
tential for trap disturbance by vertebrates such as 
Peromyscus spp., Neotoma floridana, and Procyon 
lotor (mice, eastern wood rat, and raccoon). Traps 
remained in place for approximately 72 hours. 

Each observed or collected taxon was given 
an ecological classification of accidental (AC), 
trogloxene (TX), troglophile (TP), or troglobite 
(TB). Collected invertebrates were identified to 
the lowest possible taxon, and invertebrates that 
were not identifiable to specific level were classified 
as morphospecies. Specimens were preserved in 
70% ethanol and deposited in the Arthropod Mu-
seum at the University of Arkansas, however, these 
specimens remain the property of the National 
Park Service. The collection of invertebrates was 
conducted under the following permits: Arkansas 
Game and Fish Commission Scientific Collection 
Permit #020920042 and Buffalo National River, 
National Park Service Scientific Research and Col-
lecting Permit #BUFF-2004-SCI-0008.

Additionally, temperature (2-cm soil depth, 
2-cm air, 1-m air) and relative humidity were mea-
sured in the six sites where pitfall traps were placed. 
Temperature and humidity measurements were 
taken at the surface, entrance, twilight, and dark 
zones.

Results

Overall, a total of 4,620 individuals represent-
ing 82 taxa in 40 families, 26 orders, and 13 classes 
were observed or collected. Several taxa were not 
previously documented from Arkansas. A cen-
tipede, Buethobius prob. oabitus (Henicopidae), 
found in Long Ear Mine was the first record for 
this family in the state. Another state record was 
a terrestrial isopod, Brackenridgia sp., found in 
Morning Star Mine #6 and Toney Bend Mine #3. 
Additionally, two undescribed species were dis-
covered. A new species of Rhagidia (Rhagidiidae: 

Acari) was observed in Morning Star Mine #5 and 
Toney Bend Mine #3, while a new genus of Japy-
gidae (Diplura) was collected from Toney Bend 
Mine #2.

The most common arthropods were cave crick-
ets, four families of flies, and tomocerid springtails 
(Table 1). The most common vertebrates were: 
Eastern pipistrelle (Pipistrellus subflavus), Western 
Slimy salamander (Plethodon albagula), North-
ern bat (Myotis septentrionalis), Cave salamander 
(Eurycea lucifuga), and Ozark Zigzag salamander 
(Plethodon angusticlavius). The average number of 
taxa per site was 19.69 (SE ± 4.67), with a maxi-
mum of 54 in Toney Bend Mine #3 and a minimum 
of 2 in Mary Agnes Mine (Table 2). Average num-
ber of total individuals was 291.43 (SE ± 104.87), 
with a range of 2-1137. 

The majority (79%) of fauna were categorized 
as trogloxenes (N=34) and troglophiles (N=31), 
while accidentals made up 10% (N=8). Interest-
ingly, troglobitic taxa (N=9) made up 11% of 
the fauna and occurred in two-thirds of mines 
(10 of 15). The nine troglobites were: an isopod 
(Brackenridgia sp.), two families of springtails (Ar-
rhopalitidae, Entomobryiidae), two families of 
diplurans (Campodeidae, Japygidae), the Grotto 
salamander (Eurycea spelaea), a millipede (Cau-
seyella sp.), a harvestman (Crosbyella sp.), and an 
amphipod (Stygobromus sp.). Average troglobitic 
taxa per site was 2.06 (SE ± 0.52), with a maximum 
of six (Toney Bend Mine #3) and a minimum of 0. 
For the 10 sites where troglobites occurred, average 
troglobitic taxa per site were three (SE ± 1.84). To-
tal troglobitic abundance was highest in Long Ear 
Mine (80 individuals), with an average of 12.63 
(SE ± 5.52). For the 10 sites where troglobites oc-
curred, average troglobitic abundance was 18.36 
(SE ± 24.83). The most abundant troglobite was 
the springtail family Arrhopalitidae (N=133). Less 
than 20 individuals per taxa were observed for the 
other troglobites. 

In summer 2004, temperature decreased and 
relative humidity increased from surface zones to 
dark zones (Figure 2). The average surface tem-
perature ranged from 21.55°C (SE ± 1.31°C) to 
26.43°C (SE ± 0.95°C) across the three levels of 
temperature measurement, and surface relative 
humidity averaged 73.47% (SE ± 2.53%). Average 
entrance zone temperature ranged from 17.6°C (SE 
± 1.14°C) to 20.91°C (SE ± 1.29°C), and entrance 
relative humidity averaged 88.04% (SE ± 1.27%). 
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Average twilight zone temperature ranged from 
15.8°C (SE ± 0.62°C) to 18.71°C (SE ± 0.87°C), 
and twilight relative humidity averaged 90.58% 
(SE ± 0.77%). Average dark zone temperature 
ranged from 13.84°C (SE ± 1.18°C) to 15.66°C 
(SE ± 1.72°C), and dark relative humidity aver-
aged 91.65% (SE ± 0.66%). 

Discussion

Abandoned mines are definitely not things to 
waste. It is well documented that mines are impor-
tant habitat for over half of the 43 bat species found 
in the United States (Tuttle and Taylor, 1994). In 
addition to being important for bats, abandoned 
mines provide habitat for other cavernicolous 
species, such as 74 taxa (excluding eight acciden-
tal taxa) observed during this study. Based on the 
nine troglobites observed in this study, abandoned 
mines are also habitat for troglobitic species. 

Since mines in the current study were driven 
into carbonate hillsides as tunnels, there is a rea-
sonable explanation for the presence of troglobites. 
Many of these mines intersect naturally occurring 
bedrock voids, and troglobites may have colonized 

mine passageways from these voids. Nearly all the 
troglobites in this study were also reported from 
surrounding caves (Graening et al. 2004, Graening 
et al. 2006). Lack of troglobites in previous mine 
studies may stem from sampling mines that were 
quarried in noncarbonate bedrock (Dorris and 
Saugey 1983, Heath et al. 1986, Saugey et al. 1985) 
or sampling mines in geographic locations where 
caves in general have few troglobites (Peck 1998).

An interesting comparison can be made be-
tween the number of troglobites documented in 
the more intensively sampled mines in this study 
and 50 biologically diverse Missouri caves (Elliott 
2007). For each 50 Missouri caves, at least two tro-
globitic species were reported. In this study, there 
were eight mines with at least 2 troglobites. The 
average number of troglobites in the 50 Missouri 
caves was 5.3 (SE ± 0.3), with a range of 2-12. The 
average number of troglobites in the eight aban-
doned mines was 3.8 (SE ± 0.56), with a range of 
2-6. Because of the difference in sample size, aver-
age number of troglobites was compared using a 
non-parametric test. No significant difference was 
detected for mean number of troglobites between 
the eight mines and 50 Missouri caves (Wilcoxon 

Class or Order Family Scientific name Individuals
Orthoptera Rhaphidophoridae Ceuthophilus 

gracilipes gracilipes
964

Phoridae ……………………. 632
Diptera Heleomyzidae ……………………. 457
Chiroptera Vespertilionidae Pipistrellus subflavus 400
Diptera Tipulidae ……………………. 273
Diptera Mycetophilidae ……………………. 269
Collembola Tomoceridae Tomocerus sp. 246
Araneae ……………….. ……………………. 173
Diptera Sphaeroceridae ……………………. 134
Collembola Arrhopalitidae ……………………. 133
Gastropoda ……………….. ……………………. 123
Diptera ……………….. ……………………. 103
Hymenoptera Formicidae Camponotus sp. 64
Opiliones ……………….. ……………………. 64
Caudata Plethodontidae Plethodon albagula 41

Table 1 The 15 most abundant fauna documented in the abandoned mines. Taxa were identified as 
morphospecies and ordered by total number of individuals.
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test, Z ratio = -1.85, p = 0.06). There may be sev-
eral reasons why no difference was detected. One 
reason may be the difference in sample sizes. These 
eight mines may not be typical, and increasing 
mine sample size might lower the average num-
ber of troglobites per mine. However, sampling 
additional mines could also increase the average 
number of troglobites per mine, because sampling 
intensity is known to influence number of species 
(Culver et al. 2000, Elliott 2007, Fong et al. 2007). 
Another explanation for the lack of significant 
difference may be because of sampling technique. 
Two techniques, visual searches and baited pitfall 
trapping, were used to inventory the mines, but 
most of the 50 Missouri caves were not sampled 
using baited pitfall traps. However, none of the 
troglobites from the eight mines were collected 
just from baited pitfall traps or only collected after 
pitfall trap placement. The lack of significant dif-
ference between the average number of troglobites 
is intriguing and warrants a more detailed study. 
We suggest that, in the Ozarks, abandoned mines 
in carbonate rocks may contain similar numbers of 
troglobites as in naturally occurring caves, and rep-

resent additional habitats for biological inventory 
and ecological study of cavernicoles.
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outside the drip line of each site. Open circles () represent individual measurements, while 
black rectangles () represent means.
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Site TB Taxa* N o . 
Taxa

Total Indi-
viduals

No. TB 
Taxa

Total TB In-
dividuals

Toney Bend Mine #3 1, 2, 3, 4, 5, 6 54 1137 6 40

Long Ear Mine 1, 6 48 1052 2 80

Toney Bend Mine #2 3, 4, 5, 6, 8 45 1094 5 8

Morning Star Mine #5 1, 6 41 330 2 3

Morning Star Mine #6 1, 2, 5, 6 33 349 4 23

Morning Star Mine #7 1, 3, 6, 7, 9 31 169 5 35

Morning Star Mine #15 3, 4, 5, 6 10 46 4 4

Boat Creek Mine 9 10 40 1 2

Red Cloud Mine 1 7 367 1 1

Prospect Cave -- 7 8 0 0

Sixteen Mine 5, 9 6 34 2 5

Fox Den Mine -- 6 8 0 0

Bonanza Mine 7 6 13 1 1

Groundhog Mine -- 5 5 0 0

Bice Mine -- 4 4 0 0

Mary Agnes Mine  -- 2 2 0 0

Mean 19.69 291.13 2.06 12.63

Standard Error 4.67 104.87 0.52 5.52

Minimum 2 2 0 0

Maximum 54 1137 6 80

*1 = Arrhopalitidae; 2 = Brackenridgia sp.; 3 = Campodeidae; 4 = Causeyella sp.; 5 = Crosbyella sp.; 6 = 
Entomobryiidae; 7 = Eurycea spelaea; 8 = Japyigidae; 9 = Stygobromus sp.

Table 2  Faunal characteristics of the 15 abandoned mines. Mines were ordered by number (No.) of 
taxa, and “TB” is an abbreviation for troglobite. 
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